A new series of non linear optical (NLO) copolyesters have been synthesized by solution polycondensation method. The two diols namely 2,6 bis(4-methoxy-3-hydroxybenzylidene)-3-methylcyclohexanone and 1-(3-hydroxyphenyl)-3-(4-methoxy-3-hydroxyphenyl)-prop-2-en-1-one, isopthaloyl chloride and succinyl, oxalyl and glutaryl chlorides were employed in the synthesis of the six copolyesters. Claisen-Schmidt condensation reaction was employed in synthesizing these two monomer diols. The formed polymeric materials were characterized by involving viscosity measurements, solubility study and FT-IR, 1 H NMR, 13 C NMR and UV-Visible spectroscopic techniques. Thermal transitions of these six copolyesters were recorded in an inert nitrogen atmosphere using Thermogravimetric Analysis. The second harmonic generation (SHG) efficiency of these copolyesters was measured by the standard powder technique using Nd-YAG laser and they were found to be NLO active.
Introduction
Nonlinear optics has fascinated scientific community associated with information technology around the world due to its role in telecommunications, optical switching, sensor protections, and potential for optical information storage and coupling 1 . In order to design devices for such applications, it is mandatory to zero-in on either readily available materials or to go in for new materials that exhibit the desired nonlinear optical properties. Materials for nonlinear optics have been developed considerably in recent years, with organo-metallic complexes, composite glasses embedded with metal nanoparticles, novel semiconductors, and organic polymers 2 . There is a sincere demand to design and develop novel nonlinear materials with large molecular two photon absorption cross-sections to meet the present demand. However, such attempts toward understanding the NLO properties of organic materials are very limited 3 . A wide variety of materials have been investigated for nonlinear optics, among which organic materials are extremely attractive due to their prospective optical and electronic properties which can be certainly tailored by bringing about structural modification 4 .
Survey of literature indicates that organic materials with nonlinear optical properties will turn out to be key elements for future photonic technologies 5 . This may be due to superior and more rapid response of organic materials, their synthetic flexibility, a strong donor-acceptor intermolecular interaction and a delocalized π-electron system which facilitates nonlinear optical activity 6, 7 . In addition to all this, the organic materials are also attractive due to their properties such as lower dielectric constant, better characteristics for industrial processing and flexibility in fitting the NLO effectiveness through the chemical modification of a given system 8 .
Chalcones have received substantial attention as materials for second-order nonlinear optical applications due to their ability to crystallize in non centrosymmetric structure. These emerged as promising candidates for nonlinear optics because of their noticeable nonlinearity and good optical power limiting properties 9, 10 . Since the chalcone backbone is an asymmetric transmitter, it strongly increases the molecular nonlinearity for the electron donating and withdrawing group substitutions. Generally in charge transfer compounds, large nonlinear electronic polarization arises due to the large dipole moment change from ground state to an excited state by optical radiation 11 . The other advantage of chalcone molecules is that it offers greater flexibility in adopting suitable design strategies 12, 13 and thereby enhancing the nonlinear optical coefficients.
Chalcones and their derivatives are typically known as organic push-pull molecules consisting of polarizable bridge capped by electron donor and acceptor substituents. They also offer the required configuration meant for NLO activity with two planar benzene rings connected through a conjugated double bond 14, 15 .
Poornesh et al., 16 have studied nonlinear optical parameters of two bischalcone molecules in PMMA matrix using Z-scan technique. The measurement indicated that these bischalcones exhibit negative nonlinear refractive index. Hence, the bischalcone derivatives investigated by them can be a very hopeful class of materials for future photonic and optoelectronic applications.
To date, the molecular basis for the NLO properties is well established and the ease with which various polymers can be synthesized and chemically modified through rational design has led to the development of various systems to meet the optical characteristics required for fabrication of integrated optical devices.
Experimental
Isovanillin, 3-methylcyclohexanone and 3-hydroxyacetophenone were procured from Sigma-Aldrich and were utilized as such without any further purification. Sigma-Aldrich samples of isopthaloyl, succinyl, glutaryl and oxalyl chlorides were purchased and used for the copolymerization technique. SD-Fine AR sample of dimethylacetamide (DMAc) was used as such as a solvent for determining the inherent viscosity of the copolyester in solution. Spectral grade DMSO-d6 (Aldrich) was used having TMS as internal standard for recording NMR Spectra.
Synthesis of chalcone diols
The monomer diols namely 2,6-bis(4-methoxy-3-hydroxybenzylidene)-3-methylcyclohexanone, (IVCH) and 1-(3-hydroxyphenyl)-3-(4-methoxy-3-hydroxyphenyl)-prop-2-en-1-one (IVAP) were synthesized by the process reported by Chitra and coworkers 17 .
Synthesis of monomer diol IVCH
Brown crystals of monomer diols were synthesized by the condensation of isovanillin and 3-methyl cyclohexanone in the mole ratio 2:1 as shown in the Scheme 1. 
Preparation of monomer diol IVAP
Yellow crystals of monomer diol were synthesized by the condensation of isovanillin and 3-hydroxyacetophenone in the mole ratio 1:1 as shown in the Scheme 2. 
Synthesis of copolyesters
The procedure for the synthesis of typical copolyester is given here 18 . The monomer diol IVCH (1 mmol.) was dissolved in 10 mL of dry dimethyl formamide (DMF) taken in a 100 mL roundbottomed flask. After 5 minutes 1 mL of triethylamine was added and stirred well at room temperature for a time span of about 15 minutes in inert nitrogen atmosphere. Then succinyl chloride (0.5 mmol.) and isopthaloyl chloride (0.5 mmol) dissolved in 10 mL of DMF was added with constant stirring. Then the temperature was raised to 100 °C and maintained at this temperature with continuous stirring for a span of 3 hours. Finally when the reaction mixture was cooled to room temperature it was poured into 100 mL of methanol when the formed copolyester was precipitated. It was filtered, washed with methanol and dried in vacuum.
On similar lines the other five copolyesters were also synthesized. The diacid chlorides, diol-I and diol-II used together with the copolyester code of the six copolyesters formed are presented in Table 1 . 
Results and Discussion
The six copolyesters synthesized by solution polycondensation method were characterized by involving analytical methods like, viscometry, solubility study, spectroscopy (FT-IR, 1 H NMR, 13 C NMR and UV-Visible) and TGA analysis.
Solubility
All the six copolyesters synthesized were tested qualitatively for their solubility in about nine common organic solvents and the results of their solubility are presented in Table 2 . 
From the Table 2 it could be inferred that these copolyesters were thoroughly soluble in polar aprotic solvents such as dimethylsulphoxide, dimethylacetamide and dimethylformamide, partly soluble in moderately polar solvents like tetrahydrofuran and acetone but absolutely insoluble in least polar solvents like benzene and hexane. This might be attributed to the inter-molecular interactions of polar solvents with that of the ester linkage of present in the copolyester involved 19 .
Viscosity
The inherent viscosity of the resulting copolyesters was determined in dimethyl acetamide solution at 30 o C using Ubbelohde viscometer. In each case 25 mg of pure dry copolyester sample was dissolved in 25 mL of DMAc, kept aside for some time with occasional shaking. The η inh was calculated from the flow time measurements. Usually an increase in the length of the spacer group increases the value of inherent viscosity which may be probably due to increase in the molecular weight of the copolyester 20 . Hence copolyesters with oxalyl group have low viscosity values.
FT-IR Spectral study
FT-IR spectrum of all the six copolyesters was recorded using Shimadzu FT-IR instrument. The FT-IR spectrum of the copolyester PHSI is given in Figure 1 .
Figure 1. FT-IR spectrum of copolyester PHSI
The FT-IR spectra of all the six copolyesters unveils a characteristic stretching frequency in the range of 1712 cm -1 and 1754 cm -1 which may be due to ester carbonyl stretching frequency which clearly depicts the formation of the copolyester 21 .
H NMR Spectra
The NMR spectra were recorded with BRUKER AV III 500 MHz NMR instrument in DMSO-d6 solvent to make out the structural units present in the copolyester main chain. The 1 H NMR spectrum of copolyester PHOI is presented in Figure 2 . The multiplet resonance signals at 7.10 to 7.67 ppm are due to aromatic and olefinic protons. The methoxy protons in the chalcone moiety are represented in the range of 3.49 to 3.73 ppm. Methoxy protons of isovanillin moiety are observed in the range of 3 to 3.4 ppm. The polymers show splitting of multiplet in the range 7 ppm to 8 ppm. This is due to the presence of more number of aromatic protons in different chemical environments.
C NMR Spectra
13 C NMR spectrum of copolyester PHSI is represented in Figure 3 . The resonance signals at 189.48 and 170.68 ppm are assigned to ketone and ester carbons respectively. The aromatic carbon attached to ester oxygen atom is observed at 156.44 ppm. Chemical shifts of other aromatic and ethylenic group carbons are observed between 145.99 and 121.55 ppm 22 .
Structure and second harmonic generation property relationship
The shape of the chalcone derivatives can be considered as lambda shape (λ -shape); which helps to align the molecule in parallel head to tail alignment in the crystal packing 23 . Such molecular alignment usually exhibits high SHG efficiency. The presence of strong electron donating groups, the parallel head to tail alignment, inter and intra molecular hydrogen bonds are the reasons to get high SHG efficiency. The essential factor for efficient SHG is that the molecules are arranged in parallel or zig-zag head-to-tail fashion with molecules interlinked 204 Chem Sci Trans., 2017, 6(2), [199] [200] [201] [202] [203] [204] [205] [206] [207] [208] by strong hydrogen bond interactions 24 . These hydrogen bond interactions are the essential line to extend the molecular charge transfer into supra-molecular realm and there by extending the conjugation throughout the interaction length of the crystal. Such an increase in the conjugation via hydrogen bond interactions leads to the very high SHG efficiency of molecular crystals 25, 26 . The D (donor)-H… X (acceptor), π… π type interactions are believed to contribute significantly to the macroscopic NLO properties of organic crystals in the exited state 25 . In the synthesized bis-chalcone polymers D-π-A-π-D type interactions are present and hence significant NLO property is observed in these polymers. Effective charge transfer depends on the molecular planarity 27 and a twist in molecule may result in an ineffective charge transfer leading to decreased NLO response. Thus the high SHG efficiency of polymers PHSI, PHGI and PHOI might be attributed to the greater flow of electrons whereas the polymers PCSI, PCGI and PCOI exhibit low SHG efficiency when compared with respect to KDP due to their disturbed planar structure. 
Thermo gravimetric analysis (TGA)
The thermal transitions of the copolyesters were studied in the powder form by recording the TGA response curve in the temperature range 30 °C to 1000 °C, at a rate of 10 °C/min, in an inert nitrogen atmosphere using TGA Q500 V20.10 Build 36 instrument. Figures 4, 5 and 6 represent the TGA thermograms of the copolyesters namely PHSI, PHGI and PHOI respectively. 
Measurement of SHG efficiency
The SHG efficiencies of the chalcone based copolyesters were evaluated with the powder method developed by Kurtz and Perry 28 . The powder sample was packed in a microcapillary of uniform bore and exposed to laser radiations of a Q-switched Nd:YAG laser beam (1064 nm, 1.2mJ, 10ns, 10Hz). The SHG was confirmed by the emission of green radiation. The amplitude of the SHG output voltage was measured using photomultiplier and digitalizing oscilloscope assembly. Sample of KDP and urea were used as reference material for the current measurement 29 . The SHG efficiencies of the copolyesters PCSI, PCGI and PCOI are 45 mV, 60 mV and 40 mV respectively compared with KDP (55 mV). The SHG efficiencies of the copolyesters PHSI, PHGI and PHOI are 112 mV, 97 mV and 102 mV respectively compared with KDP (102 mV).
Conclusion
Six second order nonlinear optical chalcone copolyesters were synthesized and characterized. Among the six copolyesters, PHSI is found to possess efficiency more than that of KDP under the same conditions. The copolyesters have better thermal stability. Spectral data reveals the molecular structural identity of the synthesized materials. The results exemplify that all the chalcone copolyesters are good NLO materials for second harmonic generation. Donor-acceptor substituted chalcones appears to be excellent scaffold suitable for exploring new NLO materials.
